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7 Claims. (C1. 260-348) 
This invention relates to the manufacture of 

ethylene oxide. In processes for the oxidation 
of ethylene to ethylene oxide, a gaseous product 
is obtained which contains concentrations of 
ethylene oxide of about 1 to 6 per cent, together 
with carbon dioxide, water vapor and permanent 
gases. The extraction of ethylene oxide from 
such product is not wholly practicable by scrub 
bing with a Solvent at atmospheric pressure, 
Owing to the limited solubility of gaseous ethyl 
ene oxide in solvents under the low partial pres 
sure conditions prevailing. It is likewise unde 
sirable to compress the product in Order to 
improve the extraction by scrubbing, since a high 
pressure would be needed to give reasonably con 
centrated solutions, and Would be liable to give 
rise to mixtures of explosive composition. 
We have now found that active carbon ad 

sorbs ethylene oxide from gas mixtures of the 
kind referred to without at the same time ad 
Sorbing excessive amounts of the accompanying 
gases. From the Saturated carbon, the ethylene 
oxide can be displaced in any convenient way, 
preferably by means of Steam, SO as to give rel 
atively concentrated Solutions of ethylene oxide 
which serve as such, either for preparing com 
pounds of ethylene oxide or for obtaining the 
pure substance itself. Other desorbing agents 
including hydrocarbons, for example benzene, or 
halogenated hydrocarbons, such as carbon tet 
rachloride, or mixtures of such materials, mayb 
used in place of steam. - 

Suitable active carbons for use in this inven 
tion may be selected from those commonly used 
as adsorbents, including various active charcoals 
and other activated carbon, Such as the products 
shown and described in N. K. Chaney Patents 
1,497,543 and 1,497,544, issued June 10, 1924. 
The presence of Water vapor in the gases from 

which the ethylene oxide is to be recovered re 
quires that the period of adsorption should not 
be unduly long, as otherwise some hydrolysis of 
the ethylene oxide to ethylene glycol may take 
place, and necessitate the extraction of the gly 
col from the. Carbon before its reuse. 
When ths desorption process is carried out 

with steam, it is advisable to dry the carbon in 
a very thorough manner prior to using it for 
subsequent adsorptions, as otherwise the accu 
mulation of glycol on the carbon may become 
pronounced, with resultant reduction in adsorb 
ing capacity. Drying is conveniently effected by 
passing a stream of air, or other inert gas, pre 
heated to a temperature of 120° to 250° C., 
through the moist carbon, preferably in a down 

ward direction, for a sufficient period of time. 
In addition, heat may be supplied to the carbon 
during the drying by means of internal steam 
coils. This drying step is also carried out when 
using hydrocarbons or halogenated hydrocarbons 
as desorbing agents. The hot, dry carbon may 
be cooled either directly by cold air, or other 
inert gas, or indirectly, by internal cooling coils, 
or by both methods, after which adsorption can 
be resumed. 
In order to avoid hydrolysis when using water 

vapor (steam) for the purpose of desorbing the 
ethylene oxide from the saturated carbon, care 
has to be taken that the carbon be not overheat 
ed before the ethylene oxide is desorbed. This 
may be achieved, for example, by making the 
adsorbing tower or column tall in comparison 
With its diameter, or by admitting the desorbing 
steam slowly. A convenient method of effecting 
desorption of the adsorbed ethylene oxide is by 
passing wet steam in a downward direction 
through a bed of the carbon until the bed is thor 
oughly moistened with water at 100° C., after 
which the desorption may be completed with su 
perheated Steam with or without the assistance 
of internal steam coils. The products of de 
SOrption consist of gaseous ethylene oxide ad 
mixed with small proportions of other gases, to 
gether with condensed steam retaining some 
ethylene oxide in solution. The most convenient 
method of recovering pure ethylene oxide is to 
pass the gaseous products of desorption up a 
suitable adsorption tower where practically all 
of the ethylene oxide can be washed out (on ac 
count of its relatively high partial pressure) by 
means of a suitable solvent, such as water, at 
atmospheric pressure. The resulting solution of 
ethylene oxide can be fractionated in a suitable 
still, operating at atmospheric or superatmos 
pheric pressure, to furnish pure ethylene oxide. 
The Small amount of gases remaining undis 
Solved in the wash tower can be again passed 
through the bed of carbon for complete recovery, 
Of its ethylene oxide content. 
An alternative method of recovering the eth 

ylene oxide from the products of desorption con 
sists in cooling the gaseous mixture sufficiently 
to liquefy out the ethylene oxide together with 
the condensed steam, and then fractionating the 
resulting aqueous solution of ethylene oxide as 
already described. This procedure, however, suf 
fers from the disadvantage that ethylene oxide 
forms a high melting hydrate (of the composi 
tion C2H4O.8H2O, melting at --12° C.) which 
tends to choke cooling coils and pipes. 
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Eacample 1 

A gas mixture, containing 1.5% by volume of 
ethylene oxide in addition to about 4% by vol 
ume of carbon dioxide and small amounts of eth 
ylene as well as oxygen and nitrogen was formed 
by oxidizing ethylene over a silver catalyst at 
200° to 400° C. This mixture was passed at the 
rate of about 1,000 litres per hour through a 
charcoal absorber containing 25 litres of dried 
adsorbent charcoal of 8 to 14 mesh. The exit 
gas contained no ethylene oxide until the ad 
sorption had proceeded for 44 hours, at which 
point an analysis showed the presence of 0.15% 
by volume of ethylene oxide in the exit gas. The 
adsorption was stopped after 45 hours and de 
sorption was effected with wet steam, the gas 
eous products of desorption being Washed with 
cold water at atmospheric pressure in a packed 
tower. In this way 1140 grams of ethylene oxide 
were obtained in the form of a 6% aqueous so 
lution while the undissolved gas (returned to the 
charcoal absorber for further treatment) 
amounted to only 100 litres (N. T. P.) with an 
ethylene oxide content of about 30 grams. The 
total ethylene oxide obtainable Was, thus, 1170 
grams, representing a recovery of about 95% of 
the theoretical. 

In addition, the equivalent of about 2% of the 
ethylene oxide adsorbed was recovered as ethyl ene glycol. 

Eacample 2 
A gas mixture containing 5.3% by Volume of 

ethylene oxide was passed at a rate of 2,000 
litres per hour through a tower containing 25 
litres of dried adsorbent charcoal, similar to 
that used in Example 1. All the ethylene oxide 
was adsorbed until the experiment had cone 
tinued for nine and one-half hours, when an 
analysis showed the presence of 0.1% of ethyl 
ene oxide, in the exit gas. After eleven hours 
adsorption (when the ethylene oxide in the exit 
gas was 0.5% by volume) the experiment was 
stopped, and the ethylene oxide was desorbed 
and recovered as an aqueous Solution as de 
scribed in Example . The ethylene oxide ob 
tained amounted to 1975 grams, representing a 
recovery of about 95% of that adsorbed. In 
addition, the equivalent of about 25 grams of 
ethylene oxide was recovered as ethylene glycol. 

Modifications of the process Set forth will be 
apparent, and such variations are included with 
in the scope of Our invention as defined by the 
appended claims. 
We claim: 
1. In a process for making ethylene oxide, 

the steps which comprise passing ethylene and 
an Oxygen-containing gas in intimate contact, 
at an elevated temperature, with a catalyst ca 
pable of causing the formation of gaseous ethyl 
ene Oxide in the products of Oxidation, selective 
ly adsorbing the ethylene oxide from the result 
ant gaseous products in active carbon, and re 
covering the adsorbed ethylene oxide from said 
carbon by means of the vapors of a volatile de 
sorbing agent of the group consisting of Water, 
hydrocarbons and halogenated hydrocarbons. 

2. In a process for making ethylene oxide, the 
steps which comprise passing ethylene and an 
oxygen-containing gas Over a silver catalyst 

2,166,841. 
at a temperature between 200 and 400° C., se 
lectively adsorbing the ethylene oxide from the 
gaseous products in active carbon, and recover 
ing the adrorbed ethylene oxide from said car 
bon by means of a vaporous desorbing agent of 
the group consisting of steam, hydrocarbons and 
halogenated hydrocarbons. 

3. In a process for making ethylene oxide, the 
steps which comprise passing ethylene and an 
Oxygen-containing gas over a silver catalyst at 
a temperature between 200 and 400° C., se 
lectively adsorbing the ethylene oxide from the 
gaseous products in active carbon, and recover 
ing the adsorbed ethylene oxide from said car 
bon by means of steam. 

4. In a process for making ethylene oxide, the 
steps which comprise passing ethylene and an 
oxygen-containing gas over a silver catalyst at 
a temperature between 200 and 400° C., se 
lectively adsorbing the ethylene oxide from the 
gaseous products in active carbon, recovering 
the adsorbed ethylene oxide from said carbon 
by means of steam, and thereafter drying the 
carbon before reuse. 

5. In a process for making ethylene oxide the 
steps which comprise passing ethylene and an 
Oxygen-containing gas over a silver catalyst at 
a temperature between 200 and 400° C., se 
lectively adsorbing the ethylene oxide from the 
gaseous products in active carbon, recovering 
the adsorbed ethylene oxide from said carbon 
by means of steam, and thereafter drying the 
carbon by means of heated air before reuse. 

6. In a process for recovering ethylene oxide 
from the resultant gaseous products of oxida 
tion obtained on passing ethylene and an oxygen 
containing gas in intimate contact, at an ele 
Wated temperature, with a catalyst capable of 
causing the formation of gaseous ethylene ox 
ide in the products of oxidation, the steps which 
comprise selectively adsorbing the ethylene ox 
ide from said resultant gaseous products in ac 
tive carbon, recovering the adsorbed ethylene 
Oxide from Said carbon by means of steam, 
forming an aqueous solution of said recovered 
ethylene oxide and subsequently distilling said 
Solution to obtain Said ethylene oxide, heating 
said desorbed active carbon in a gaseous cur 
rent to a substantially glycol-free state, and 
again using said active carbon for further ad 
sorption of ethylene oxide from said resultant 
gaseous products. a. 

7. In a continuous process for making ethyl 
ene Oxide, the steps which comprise passing 
ethylene and an oxygen-containing gas over a 
silver catalyst at a temperature between 200 
and 400° C., selectively adsorbing the ethylene 
oxide from the gaseous products in active car 
bon, desorbing the ethylene oxide from said car 
bon by means of water vapor, forming an aque 
Ous Solution of said desorbed ethylene oxide and 
recovering ethylene oxide therefrom, heating the 
desorbed carbon in a gaseous current to free it 
of substantially all remaining ethylene oxide and 
reaction products of ethylene oxide, and again 
using said active carbon for further adsorption 
of ethylene Oxide. 

HERBERT LANGWELL. 
HERBERT MUGGLETON STANLEY. 
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